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Ao longo dos anos e com a crescente modernização da 
sociedade actual, diversos produtos químicos são libertados 
no meio ambiente, afectando-o gradualmente. Os fármacos 
são um exemplo deste problema, sendo o seu consumo cada 
vez maior. A influência antropogénica origina também 
alterações climáticas, incluindo o aumento da temperatura 
global do planeta, pelo que é importante estudar os seus 
potenciais impactos. 
O objectivo central deste estudo foi avaliar os efeitos 
agudos e crónicos do antibiótico florfenicol (bastante utilizado 
em aquacultura) em Daphnia magna, a duas temperaturas 
diferentes: 20±1 e 25±1ºC. Os critérios de efeito tóxico 
utilizados foram a mortalidade, a reprodução e o crescimento. 
D. magna foi seleccionada como organismo teste por ser uma 
espécie padrão em Ecotoxicologia aquática que tem sido 
largamente utilizada como representativa dos consumidores 
primários de ecossistemas dulçaquícolas. 
Com base nos valores da concentração letal mediana 
(CL50) às 72 horas foi possível concluir que D. magna é mais 
sensível ao florfenicol a 25ºC (94 mg/L) do que a 20ºC (510 
mg/L). Com base na reprodução e no crescimento dos 
organismos foi também possível concluir que D. magna é 
mais sensível ao florfenicol a 25 do que a 20ºC. A 20ºC os 
valores da concentração de efeito não observado (CENO) e 
da concentração de efeito observado (CEO) foram 6,3 e 12,5 
mg/L, respectivamente, para todos os parâmetros estudados, 
enquanto que no teste a 25ºC os valores de CENO foram 
inferiores a 3,1 mg/L e os valores de CEO foram 3,1 mg/L 
para a maioria dos parâmetros estudados. 
 
Em conclusão, os resultados deste estudo indicam que 
a temperatura aumenta a toxicidade aguda e crónica do 
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abstract 
 
Over the years, with the increasing modernization of the 
society, many chemicals have been released into the 
environment, affecting it gradually. Pharmaceuticals are an 
example of this problem, and its use is increasing over the 
world. Anthropogenic influence has been also causing climate 
changes, including an increase of the global temperature. 
Therefore, it is important to study the effects of both 
pharmaceuticals and temperature.  
The main objective of the present study was to investigate 
the acute and chronic effects of the antibiotic florfenicol (widely 
used in aquaculture) on Daphnia magna at two different 
temperatures: 20±1 and 25±1oC. The effect criteria used were 
mortality, reproduction and growth. . D. magna was selected 
as test organism because it is a standard species in 
Ecotoxicology that has been widely used as representative of 
primary consumers of freshwater ecosystems.  
Based on the values of the median lethal concentration 
(LC50) at 72h, it was possible to conclude that D. magna is 
more sensitive to florfenicol at 25 ºC (94 mg/L) than at 20 ºC 
(510 mg/L). The values of the no observed effect 
concentration (NOEC) and of the lowest observed effect 
concentration (LOEC) were 6.3 and 12.5 mg/L at 20ºC, 
respectively, for all the parameters tested, while corresponding 
values at 25ºC were in general lower than 3.1 mg/L. 
Therefore, reproduction and growth results also indicated that 
D. magna is more sensitive to florfenicol at 25 than at 20ºC.  
 
In conclusion, the results of the present study indicated that 
both acute and chronic toxicities of florfenicol to D. magna
















































Capítulo I - Introdução Geral 
3 
Capítulo I. Introdução Geral e Objectivos 
 
I.1. Introdução Geral 
 
Actualmente verificam-se alterações climáticas a nível global devido à actividade 
antrópica (Watson et al., 2005), incluindo um aumento da temperatura global do planeta 
devido ao aumento da concentração atmosférica de dióxido de carbono e de outros gases 
que contribuem para o efeito de estufa, diminuição da precipitação em zonas áridas e 
aumento da precipitação noutras regiões (Watson et al., 2005; McGuffie et al., 1999). As 
previsões indicam que o tempo se tornará mais austero ao longo dos anos, com mais 
épocas quentes e menos épocas frias, mais chuva em certas zonas do que noutras e 
aumento de ventos ciclónicos tropicais e precipitações intensas (Watson et al., 2005). Este 
problema afecta a produção e a economia mundiais (Kucharik e Serbin, 2008), assim como 
a saúde e bem-estar das espécies, os seus habitats e ecossistemas, áreas naturais e recursos 
hídricos (Watson et al., 2005; Norberg and DeAngelis, 1997).  
As alterações climáticas afectam o ciclo  da água de várias formas, pois esta está em 
contacto com os vários componentes do sistema climático (atmosfera, hidrosfera, criosfera, 
biosfera e superfície da terra) (Bates et al., 2008). O ciclo hidrológico fica afectado pelo 
aumento da temperatura, assim como os sistemas hidrológicos (Bates et al., 2008). Devido 
a este problema, a precipitação será mais intensa e extrema, haverá fusão do gelo e da neve 
em diversas regiões o que provocará um aumento do nível dos oceanos, aumentando a 
evaporação e o vapor de água na atmosfera (Bates et al., 2008). Diversos estudos também 
já demostraram que o aumento da temperatura está directamente relacionado com o 
aumento do efeito de estufa (Bates et al., 2008; McGuffie et al., 1999). 
A temperatura é um dos factores físicos naturais mais importantes, pois define a 
distribuição geográfica, sobrevivência e saúde de todos os organismos (Gordon, 2003). 
Watson et al. (2005) relatam que a onda de calor que ocorreu no Verão de 2003 provocou a 
morte de cerca de 20 000 pessoas na Europa. Não há registos para outras espécies, mas este 
é um exemplo do impacto que o aumento da temperatura pode originar nos seres vivos. Os 
aumentos de temperatura podem originar exaustão pelo calor, bem como um golpe de calor 
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(Watson et al., 2005). Neste caso, o sistema termorregulador falha, podendo o corpo atingir 
temperaturas internas bastante elevadas, correndo o risco de colapsar e falhar (Watson et 
al., 2005). 
Ao longo dos anos e com a crescente modernização da sociedade, diversos produtos 
químicos e seus derivados têm vindo a ser libertados no meio ambiente, originando 
também gradualmente a sua modificação. Os fármacos são um exemplo desta 
problemática. A sua utilização é cada vez maior, sendo os resíduos lançados no meio 
ambiente, provocando impactos ambientais diversos (Kümmerer, 2004; Halling-Sørensen 
et al., 1998). O lançamento destas substâncias no meio ambiente geralmente não é 
controlado, não se sabendo que tipos de impactos provocam, nem que espécies não alvo 
atingem (Kümmerer, 2004; Halling-Sørensen et al., 1998). Nem sempre se sabe a fonte da 
substância, destino, transporte, efeito e risco para o meio ambiente da maioria destes 
compostos (Kolpin et al., 2002). É, portanto, imperativo aprofundar este tema, com mais 
estudos (Grung et al., 2008), bem como conscencializar a opinião pública e legislar 
adequadamente (Kim et al., 2008). 
A partir dos anos 90 tem aumentado o interesse neste problema, havendo cada vez 
mais estudos que visam determinar os efeitos dos medicamentos e seus derivados no meio 
ambiente (Kümmerer, 2004). Já foram feito alguns ensaios a nível agudo, mas a nível 
crónico foram feitos muito poucos (Fent et al., 2006). É necessário determinar não só os 
efeitos a curto prazo dos fármacos nos organismos, bem como os efeitos a longo prazo, 
avaliando os seus efeitos a nível subletal (Fent et al., 2006), tal como o crescimento, a 
reprodução e viabilidade dos descendentes. 
A acumulação destes compostos ocorre principalmente no meio aquático (Ternes, 
1998), onde entram de várias formas, por exemplo através de águas residuais, lixiviações 
de terrenos onde são depositados excrementos de animais medicados (Kolpin et al., 2002). 
Diversos fármacos têm sido detectados em águas superficiais e mesmo águas de consumo 
(Kümmerer, 2004). Existem registos de que este tipo de contaminação existe por todo o 
planeta, como é o exemplo dos estudos de Sacher et al., (2001) na Alemanha, Stumpf et 
al., (1999) no Brasil e Winkler et al., (2001) no Canadá. A questão é particularmente 
preocupante, uma vez que se trata de produtos de elevada actividade biológica, alguns dos 
quais com persistência elevada e/ou com metabolitos também biológicamente activos que 
também podem ser persistentes (Nunes et al., 2006). 
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Existem diversos tipos de medicamentos, sendo os antibióticos um dos grupos com 
maior utilização a nível mundial, quer a nível humano quer veterinário (Kümmerer, 2004; 
Halling-Sørensen et al., 1998). Estes são libertados no ambiente por diferentes vias: os de 
uso humano são libertados principalmente nos esgotos e destes para o meio ambiente, 
enquanto que os de uso veterinário são libertados directa e indirectamente em sistemas de 
aquacultura em explorações pecuárias e em clínica de pequenos animais (Kim et al., 2008). 
Os antibióticos são utilizados principalmente para tratar de doenças (em animais ou 
humanos), como promotores de crescimento e para aumentar a eficiência nutricional da 
alimentação (Lai et al., 2008). Poucos estudos foram realizados para avaliar o efeito dos 
antibióticos de uso veterinário e desses muito poucos utilizaram crustáceos para tal 
finalidade (Wollenberger et al., 2000). 
O florfenicol ([R-(R*,S*)]-2,2-Dicloro-N-[1-(fluorometil)-2-hidroxi-2-[4-
(metilsulfonil)fenil]etil]acetamida) (Budavari et al., 1996) é um exemplo de um antibiótico 
de largo espectro contra bactérias Gram positivas e negativas, de uso veterinário e de 
grande utilização (Lai et al., 2008; Shin et al., 2005). Pertence ao grupo químico dos 
fenicois, sendo um derivado do tianfenicol e do cloranfenicol (Park et al., 2007). O seu 
espectro antibacterológico abrange uma maior gama do que o do tianfenicol, e uma gama 
semelhante ao cloranfenicol (Park et al., 2007). Possui um grupo sulfonilmetil no anel 
aromático em vez do grupo p-nitro presente no cloranfenicol (Schering - Plough Animal 
Health), responsável pela irreversível anemia aplástica nos humanos (Picco et al., 2001; 
Fodey et al., 2007), tornando-o menos toxico e, consequentemente, mais utilizado (Lai et 
al., 2008). 
O florfenicol é bastante utilizado em diversos países para combater diversas doenças 
infecciosas, por exemplo, em peixes de aquacultura (Lai et al., 2008; Ferreira et al., 2007). 
Possui uma rápida penetração nos tecidos e rápida eliminação (Park et al., 2007). O 
florfenicol encontra-se principalmente na pele, enquanto que o seu metabolito amino 
florfenicol se encontra no músculo (Wrzesinski et al., 2006). 
Grande parte do composto administrado a peixes em aquacultura através da 
alimentação não é absorvido pelos peixes, sendo libertado no ambiente por uma das 
seguintes três vias: não é ingerido e deposita-se no fundo dos tanques; é ingerido mas não 
absorvido e libertado nas fezes dos animais; é ingerido, absorvido e libertado através das 
excreções urinárias, fecais ou branquiais na forma não metabolizada e
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microbiologicamente activa (Pouliquen et al., 2007). 
Vários estudos têm-se debruçado sobre os efeitos deste fármaco em microalgas 
(Chlorella pyrenoidosa, Isochrysis galbana e Tetraselmis chui), crustáceos (Artemia 
parthenogenetica; Litopenaeus vannamei) e peixes (Ictalurus punctatus) (Lai et al., 2008; 
Ferreira et al., 2007; Wrzesinski et al., 2006; Soto-Rodríguez et al., 2006). A crescente 
utilização deste fármaco criou a necessidade de mais estudos para determinar o seu 
impacto no meio aquático, em especial determinar o impacto em espécies não-alvo. 
Para avaliar o efeito do florfenicol no meio aquático, a nível agudo e crónico, é 
importante a escolha do organismo para a realização do estudo. O cladócero Daphnia 
magna Straus tem sido utilizado por diversos autores nos mais variados estudos a nível 
toxicológico e ecotoxicológico (De Samber et al., 2008). Esta espécie possui várias 
características que a tornam um bom organismo-teste, tais como: elevada sensibilidade a 
diferentes tóxicos e a factores ambientais, produzindo resultados com resposta consistente, 
(Flaherty e Dodson, 2005; Münzinger e Monicelli, 1992); ocupa uma posição importante 
nas cadeias alimentares (consumidor primário) (Peters e De Bernardi, 1987), sendo 
representativa das classes de organismos mais sensíveis (Flaherty e Dodson, 2005); fácil de 
manusear e cultivar em laboratório (Peters e De Bernardi, 1987); ciclo de vida curto, taxa 
reprodutiva elevada, pequeno tamanho mas permitindo a observação de vários parâmetros 
a olho nu, disponível em diferentes épocas do ano, em número suficiente e tamanho 
requerido (Flaherty e Dodson, 2005; Koivisto, 1995; Peters e De Bernardi, 1987); em boas 
condições reproduz-se assexuadamente por partenogénese, originando baixa variabilidade 
genética nos ensaios, o que permite a comparação entre estudos realizados em diferentes 
laboratórios (Barata et al., 2000); existe informação suficiente sobre a biologia do 
organismo (Peters e De Bernardi, 1987). Os critérios de efeito mais utilizados em ensaios 
de toxicidade com esta espécie são a morte, a reprodução e o crescimento. 
D. magna é um organismo considerado euritérmico, sendo no entanto o seu 
crescimento e desenvolvimento, reprodução e metabolismo afectados pela temperatura 
(poiquilotérmico) (Seidl et al., 2005; Mc Kee e Ebert, 2004; Peters e De Bernardi, 1987). 
A temperatura óptima para o ciclo biológico da espécie ronda os 20ºC, sendo que no 
intervalo de 15 a 24ºC os valores ainda são próximos dos ideais, enquanto que a 
temperaturas fora deste intervalo diminuiem bastante (Peters e De Bernardi, 1987). Vários 
tipos de fármacos, incluindo antibióticos, foram testados nesta espécie, demonstrando que 
afectam o seu normal desenvolvimento e reprodução (Flaherty e Dodson, 2005). Afectando 
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este organismo, o meio ambiente envolvente e os organismos que dele se alimentam 
podem ser também afectados (Flaherty e Dodson, 2005). 
A presença de fármacos no ambiente e a variação da temperatura podem afectar o 
desenvolvimento dos organismos em geral. A uma temperatura de 8ºC, o florfenicol é 
bastante estável à hidrólise e à fotólise quando se encontrar no meio aquático (Pouliquen et 
al., 2007). Este composto degrada-se rapidamente no ambiente, nomeadamente nos solos 
onde fica depositado, com uma semi-vida de 1,7-7,3 dias, sendo um dos fármacos de uso 
veterinário menos persistentes no ambiente (Kümmerer, 2004). 
 
 
I.2. Objectivos da Dissertação 
 
O objectivo central do presente trabalho pretendeu avaliar o efeito de um antibiótico 
de uso veterinário bastante utilizado actualmente, o florfenicol, assim como a combinação 
deste com um stressor natural, a temperatura, no cladócero Daphnia magna Straus. Os 
objectivos específicos foram: (i) avaliar o efeito da temperatura como stressor natural no 
cladócero D. magna e (ii) avaliar os efeitos agudos e crónicos do florfenicol como stressor 
químico no cladócero D. magna, a duas temperaturas distintas: 20 (temperatura óptima 
para o ciclo biológico deste organismo) e 25ºC (temperatura à qual o ciclo biológico deste 
organismo diminui bastante). 
 
 
I.3. Estrutura da Dissertação 
 
Para cumprir os objectivos propostos neste trabalho, a dissertação foi organizada em 
três capítulos: 
- O primeiro capítulo, intitulado "Introdução Geral e Objectivos", apresenta uma 
introdução geral ao tema, enquadrando-o no contexto actual. Explica 
resumidamente a problemática do aquecimento global devido a alterações 
climáticas, dos medicamentos libertados no meio ambiente, nomeadamente 
antibióticos de uso veterinário libertados na água, e a relevância e utilidade na 
escolha de Daphnia magna como organismo teste para os ensaios agudos e
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crónicos de toxicidade. Na parte final explica os objectivos e estrutura da 
dissertação; 
- O segundo capítulo, intitulado "Acute and Chronic Toxicity of Florfenicol to 
Daphnia magna Straus at Two Different Temperatures", revela as respostas 
agudas e crónicas de D. magna ao ser submetida ao efeito do antibiótico 
florfenicol (stressor químico) e da temperatura (stressor natural). Foram, 
portanto, avaliados os efeitos a nível da mortalidade, crescimento e reprodução 
provocados pelo florfenicol a diferentes temperaturas; 
- O terceiro capítulo, intitulado "Discussão Geral", apresenta uma discussão final, 
representativa dos resultados obtidos nesta dissertação e comprando-o com 
resultados já publicados. 
 




I.4. Referências Bibliográficas 
 
Barata, C., Baird, D. J., Miñarro, A., Soares, A. M. V. M., 2000. Do genotype responses 
always converge from lethal to non-lethal toxicant exposure levels? Hypothesis tested 
using clones of Daphnia magna Straus. Environmental Toxicology and Chemistry 19: 
2314-2322. 
 
Bates, B. C., Kundzewicz, Z. W., Wu, S., Palutikof, J. P. (Eds.), 2008. Climate Change 
and Water. Technical Paper of the Intergovernmental Panel on Climate Change, IPCC 
Secretariat, Geneva, 210 p. 
 
Budavari, S., O’Neil, M. J., Smith, A., Heckelman, P. E., Kinnerary, J. F. (Eds.), 1996. The 
Merck Index: An Encyclopedia of Chemicals, Drugs, and Biologicals. 12th edition. Merk & 




Capítulo I - Introdução Geral 
9 
De Samber, B., Evens, R., De Schamphelaere, K., Silversmit, G., Masschaele, B., 
Schoonjans, T., Vekemans, B., Janssen, C. R., Van Hoorebeke, L., Szalóki, I., Vanhaecke, 
F., Falkenberg, G., Vincze, L., 2008. A combination of synchrotron and laboratory X-ray 
techniques for studying tissue-specific trace level metal distributions in Daphnia magna. 
Journal of Analytical Atomic Spectrometry 23: 829-839. 
 
Fent, K., Weaton, A. A., Caminada, D., 2006. Ecotoxicology of human pharmaceuticals. 
Aquatic Toxicology 76: 122-159. 
 
Ferreira, C. S. G., Nunes, B. A., Henriques-Almeida, J. M. M., Guilhermino, L., 2007. 
Acute toxicity of oxytetracycline and florfenicol to the microalgae Tetraselmis chuii and 
the crustacean Artemia parthenogenetica. Ecotoxicology and Environmental Safety 67: 
452-458. 
 
Flaherty, C. M., Dodson, S. I., 2005. Effects of pharmaceuticals on Daphnia survival, 
growth, and reproduction. Chemosphere 61: 200-2007. 
 
Fodey, T., Murilla, G., Cannavan, A., Elliott, C., 2007. Characterisation of antibodies to 
chloramphenicol, produced in different species by enzyme-linked immunosorbent assay 
and biosensor technologies. Analytica Chimica Acta 592: 51-57. 
 
Gordon, C. J., 2003. Role of environmental stress in the physiological response to chemical 
toxicants. Environmental Research 92: 1-7. 
 
Grung, M., Källqvist, T., Sakshaug, S., Skurtveit, S., Thomas, K. V., 2008. Environmental 
assessment of Norwegian priority pharmaceuticals based on the EMEA guideline. 
Ecotoxicology and Environmental Safety 71: 328-340. 
 
Halling-Sørensen, B., Nielsen, S. N, Lanzky, P. F., Ingerslev, F., Lützhøft, H. C. H., 
Jørgensen, S. E., 1998. Occurrence, Fate and Effects of Pharmaceutical Substances in the 




Capítulo I - Introdução Geral 
10 
Kim, Y., Jung, J., Kim, M., Park, J., Boxall, A. B. A., Choi, K., 2008. Prioritizing 
veterinary pharmaceuticals for aquatic environmental in Korea. Environmental Toxicology 
and Pharmacology 26: 167-176. 
 
Koivisto, S., 1995. Is Daphnia magna an ecologically representative zooplankton species 
in toxicity tests? Environmental Pollution 90: 263-267. 
 
Kolpin, D. W., Furlong, E. T., Meyer, M. T., Thurman, E. M., Zaugg, S. D., Barber, L. B., 
Buxton, H. T., 2002. Pharmaceuticals, Hormones, and Other Organic Wastewater 
Contaminants in U. S. Streams, 1999-2000: A National Reconnaissance. Environmental 
Science & Technology 36:1202-1211. 
 
Kucharik, C. J., Serbin, S. P., 2008. Impacts of recent climate change on Wisconsin corn 
and soybean yield trends. Environmental Research Letters 3: 034003. 
 
Kümmerer, K. (Ed.), 2004. Pharmaceuticals in the Environmental. Souces, Fate, Effects 
and Risks. 2nd edition. Springer, Berlim. 
 
Lai, H-T., Hou, J-H., Su, C-I., Chen, C-L., 2008. Effects of chloramphenicol, florfenicol, 
and thiamphenicol on growth of algae Chlorella pyrenoidosa, Isochrysis galbana, and 
Tetraselmis chui. Ecotoxicology and Environmental Safety 72: 329-334. 
 
McGuffie, K., Henderson-Sellers, A., Holbrook, N., Kothavala, Z., Balachova, O., 
Hoekstra, J., 1999. Assessing simulations of daily temperature and precipitation varability 
with global climate models for present and enhanced greenhouse climates. International 
Journal of Climatology 19: 1-26. 
 
Mc Kee, D., Ebert, D., 1996. The effect of temperature on maturation threshold body-
lenght in Daphnia magna. Oecologia 108:  627-630. 
 
Münzinger, A., Monicelli, F., 1992. Heavy metal co-tolerance in a chromium tolerant 
strain of Daphnia magna. Aquatic Toxicology 23: 203-216. 
  
 
Capítulo I - Introdução Geral 
11 
Norberg, J., DeAngelis, D., 1997. Temperature effects on stocks and stability of a 
phytoplankton-zooplankton model and the dependence on light and nutrients. Ecological 
Modelling 95: 75-86. 
 
Nunes, B., Carvalho, F., Guilhermino, L., 2006. Effects of widely used pharmaceuticals 
and a detergent on oxidative stress biomarkers of the crustacean Artemia parthenogenetica. 
Chemosphere 62: 581-594. 
 
Park, B-K., Lim, J-H., Kim, M-S., Hwang, Y-H., Yun, H.-I., 2007. Pharmacokinetics of 
florfenicol and its major metabolite, florfenicol amine, in rabbits. Journal of Veterinary 
Pharmacology and Therapeutics 30: 32-36. 
 
Peters, R. H., De Bernardi, R. (Eds.), 1987. Memorie Dell'Istituto Italiano di Idrobiologia 
Dott. Marco de Marchi, Volume 45, Daphnia. Consiglio Nazionale delle Ricerche, Instituto 
Italiano di Idrobiologia, Verbania, Pallanza. 
 
Picco, E. J., Díaz, D. C., Valtorta, S. E., Boggio, J. C., 2001. Chronotoxicology of 
florfenicol. Chronobiology International 18: 567-572. 
 
Pouliquen, H., Delépée, R., Larhantec-Verdier, M., Morvan, M-L., Le Bris, H., 2007. 
Comparative hydrolysis and photolysis of four antibacterial agents (oxytetracycline 
oxolinic acid, flumequine and florfenicol) in deionised water, freshwater and seawater 
under abiotic conditions. Aquaculture 262: 23-28. 
 
Sacher, F., Langue, F. T., Brauch, H-J., Blankenhorn, I., 2001. Pharmaceuticals in 
groundwaters - Analytical methods and results of a monitoring program in Baden-
Württemberg, Germany. Journal of Chromatography 938: 199-210. 
 
Schering - Plough Animal Health. Aquaflor, Aquafen, Florocol (florfenicol). Technical 





Capítulo I - Introdução Geral 
12 
Seidl, M. D., Pirow, R., Paul, R. J., 2005. Acclimation of the microcrustacean Daphnia 
magna to warm temperatures is dependent on haemoglobin expression. Journal of Thermal 
Biology 30: 532-544. 
 
Shin, S. J., Kang, S. G., Nabin, R., Kang, M. L., Yoo, H. S., 2005. Evaluation of the 
antimicrobial activity of florfenicol against bacteria isolated from bovine and porcine 
respiratory disease. Veterinary Microbiology 106: 73-77. 
 
Soto-Rodríguez, S., Armenta, M., Gomez-Gil, B., 2006. Effects of enrofloxacin and 
florfenicol on survival and bacterial population in an experimental infection with 
luminescent Vibrio campbellii in shrimp larvae of Litopenaeus vannamei. Aquaculture 
255: 48-54. 
 
Stumpf, M., Ternes, T. A., Wilken, R. D., Rodrigues, S. V., Baumann, W., 1999. Polar 
drug residues in sewage and natural waters in the state of Rio de Janeiro, Brazil. The 
Science of The Total Environmental 225: 135-141. 
 
Ternes, T. A., 1998. Occurrence of drugs in German sewage treatment plants and rivers. 
Water Research 32: 3245-3260. 
 
Watson, R. T., Patz, J., Gubler, D. J., Parson, E. A., Vincent, J. H., 2005. Environmental 
health implications of global climate change. Journal of Environmental Monitorization 7: 
834-843. 
 
Winkler, M., Lawrence, J. R., Neu, T. R., 2001. Selective degradation of Ibuprofen and 
Clofibric Acid in two model river biofilm systems. Water Research 35: 3197-3205. 
 
Wollenberger, L., Halling-Sørensen, B., Kusk, K. O., 2000. Acute and chronic toxicity of 





Capítulo I - Introdução Geral 
13 
Wrzesinski, C., Crouch, L., Gaunt, P., Holofield, D., Bertrand, N., Endris, R., 2006. 
Florfenicol residue depletion in channel catfish, Ictalurus punctatus (Rafinesque). 
























Acute and Chronic Toxicity of Florfenicol to 




















Capítulo II. Acute and Chronic Toxicity of Florfenicol to 
Daphnia magna Straus at Two Different Temperatures 
19 
Capítulo II. Acute and Chronic Toxicity of Florfenicol to 
Daphnia magna Straus at Two Different Temperatures 
 
Alexandra Martins1,2, Amadeu Soares2, Lúcia Guilhermino1,3 
 
1 CIMAR-LA/CIIMAR - Centro Interdisciplinar de Investigação Marinha e Ambiental, Laboratório de 
Ecotoxicologia, Rua dos Bragas 289, 4050-123 Porto, Portugal 
2
 Departamento de Biologia, Universidade de Aveiro, Campus de Santiago 3810-193 Aveiro Portugal 
3 ICBAS - Instituto de Ciências Biomédicas de Abel Salazar, Universidade do Porto, Departamento de Estudo 




Environmental contamination due pharmaceuticals has been increasing along the 
years. Due to global climate changes, the temperature of several regions around the world 
has been also increasing. Since the increase of temperature often increases de toxicity of 
several toxicants, it is important to study the simultaneous effects of chemical and 
temperature. The present study analysed the acute and chronic toxicity of the veterinary 
antibiotic florfenicol (polluted chemical stressor) at two different temperatures (natural 
stressor) on life-cycle parameters (survival, reproduction and growth) of the cladoceran 
Daphnia magna Straus. Two temperatures (20 and 25ºC) and several acute and chronic 
florfenicol concentrations were tested. In the acute bioassays, after 72 hours of exposure, 
LC50 values of florfenicol to D. magna were 510 and 94 mg/L at 20 and 25ºC, respectively, 
while LOECs were 486 and 382 for 20 and 25ºC, respectively. To assess the chronic 
effects of florfenicol to D. magna, the following reproductive endpoints were investigated: 
total number of juveniles produced, number of viable juveniles and number of aborted 
eggs. In addition, growth and parental mortality were investigated. At 20ºC, parental 
animals were able to survive until the end of the test (21 days), while at 25ºC, all females 
died after 12 days of exposure to the toxicant. Therefore, LOEC values for reproduction 
were calculated for 12 days of exposure. For total number of juveniles and viable juveniles 
they were 12.5 mg/L at 20ºC and 3.1 mg/L at 25ºC, while a similar value (12.5 mg/L) was 
obtained for the number of aborted eggs at both temperatures. Corresponding values for 
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growth were 12.5 and 3.1 mg/L at 20 and 25ºC, respectively. These results indicate that the 
toxicity of florfenicol to D. magna is higher at 25 than at 20ºC. Therefore, the problems 
resulting from exposure of freshwater primary consumers may become more serious in 
aquatic ecosystems where the water temperature is expected to increase as a result of 
global warming. 
 
Keywords - Florfenicol; Temperature; Daphnia magna; Acute Test; Chronic Test; 





Nowadays, due the human activity, several chemicals are released into the 
environment, changing it gradually. Veterinary pharmaceuticals are an example of 
chemicals that have been increasingly found in the environment, particularly in the aquatic 
environment where they can cause environmental impacts (Kümmerer, 2004; Kolpin et al., 
2002; Halling-Sørensen et al., 1998; Ternes, 1998). Comparatively to other groups of 
chemicals, the knowledge about environmental fate and potential adverse effects on non-
target organisms is still scarce and mainly based on acute toxicity studies (Kümmerer, 
2004; Halling-Sørensen et al., 1998). Among veterinary drugs, antibiotics are one of the 
pharmaceutical's groups with major utilisation worldwide (Kümmerer, 2004; Halling-
Sørensen et al., 1998). They are used to prevent and/or treat several diseases in cattle, 
horses, company animals and fish among other animals, as growth promoters and to 
increase the efficiency of nutritional food (Lai et al., 2008). 
In the last decades, the interest in this subject has been increasing and several studies 
have been performed to assess potential adverse effects of antibiotics and other drugs on 
the environment (Kümmerer, 2004), the most part of them based on acute bioassays. 
However, since the most common situation in real scenarios is the chronic exposure to low 
amounts of these chemicals, it is very important to look also for sub-lethal effects (Fent et 
al., 2006) that at long-term may induce or contribute to populations decline. 
Florfenicol ([R-(R*,S*)]-2,2-Dichloro-N-[1-(fluoromethyl)-2-hydroxy-2-[4-
(methylsulfonyl)phenyl]ethyl]acetamide) (Budavari et al., 1996) is an example of a
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broad-spectrum antibiotic for positive and negative Gram bacteria, widely used in 
veterinary medicine (Lai et al., 2008; Shin et al., 2005). For example, it has been shown to 
be efficacious in the treatment of several infectious diseases in aquaculture fish (Ferreira et 
al., 2007; Lai et al., 2008). In aquaculture systems, a considerable part of florfenicol and 
other pharmaceuticals given to this fish through food is not ingested, being released into 
the surrounding environment by different ways (Pouliquen et al., 2007). 
The effects of florfenicol to aquatic organisms has been investigated in several fish 
species (Akinbowale et al., 2007; Wrzesinski et al., 2006; Nagata and Oka, 1996), 
crustaceans (Ferreira et al., 2007; Soto-Rodríguez et al., 2006) and algae (Lai et al., 2008; 
Ferreira et al., 2007). However, considering the high diversity of aquatic organisms, these 
studies are not enough. For example, the effects of florfenicol and other antibiotics on 
crustaceans which are frequently key species in both freshwater and marine ecosystems, 
deserve more attention, especially in what concerns chronic effects resulting from long-
term exposure to low chemical concentrations. 
An additional environmental problem of special concern is the combined effect of 
chemical exposure at increasing temperature scenarios as predicted for several regions 
around the world by global changing models. Since the toxicity of several chemicals to 
aquatic animals increases with temperature increment (Heugens et al., 2001; Van Wezel 
and Jonker, 1998; Song et al., 1997; Persoone et al., 1989; Fisher and Wadleigh, 1985), 
this is a most important issue that only now starts to be investigated in relation to 
pharmaceuticals. 
The main objective of this study was to investigate the acute and chronic effects of 
florfenicol to the freshwater crustacean Daphnia magna Straus at two different 
temperatures (20 and 25ºC), using three life-cycle endpoints as effect criteria: mortality, 
growth and reproduction. 
D. magna was chosen as organism-test in the present study because it is a standard 
organism in Ecotoxicology that has been widely used as representative of primary 
consumers of freshwater ecosystems and has several characteristics suitable for this type of 
studies, especially its capability of parthenogenesis under laboratorial conditions that 
decreases the variability of results due to genetic causes (Barata et al., 2000). 
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II.2. Material and Methods 
 
Daphnia magna culture 
 
The animal chosen for this study was Daphnia magna Straus, clone A (sensus Baird 
et al., 1989a) for several years. These animals were individually cultured in 200 mL glass 
beakers with 100 mL of ASTM hard water (ASTM, 1980), renewed every two days and 
fed every day with the green freshwater algae Chlorella vulgaris Beijerinck, 1980 (daily 
ration of 3x105 cells/mL) and an organic supplement extracted from the marine algae 
Ascophyllum nodosum Scorpiodes (Baird et al., 1989b) (daily ration of 3x105 cells/mL). 
Animals were maintained in continuos parthenogenic reproduction following the OECD 
guideline 211 (1998), without aeration supply, under a 16:8 h light:dark photoperiod and a 
temperature of 20 ±1ºC. Neonates from the third broods were used to re-start new cultures 
and the neonates from third to fifth broods with less than 24 hours were used in the tests. 
Animals utilized in the bioassays at 25ºC were first acclimatized to this temperature. 
The green freshwater algae Chlorella vulgaris was cultured in laboratory in 10 L 
glass beakers with 4 L of MBL (Stein, 1973), renewed every two days. These algae were 
maintained with continuous aerification, under a 24h photoperiod at 20 ±1ºC. All the 
materials and algae medium were first autoclaved.  
 
Florfenicol stock solutions 
 
Florfenicol was brought from Sigma-Aldrich (St. Louis, USA). Stock solutions were 
prepared in acetone due to its low solubility in water (1.32 g/L) at pH 7 (Schering - Plough 
Animal Health). Each stock solution was freshly prepared before each test and the quantity 




Is this study two acute and two chronic tests were performed at different 
temperatures (20 and 25 ±1ºC). Both tests followed OECD guidelines: the acute tests were 
performed according the OECD 202 Guideline (OECD, 2004) and the chronic tests
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according the OECD 211 (OECD, 1998). Only neonates from third to fifth broods with less 
than 24 hours and from healthy mothers were used in the tests. The use of only third to 
fifth broods of juveniles was to avoid maternal effects (Barata and Baird, 1998). 
All the tests included two control groups: one using only ASTM (without vitamins in 
acute tests, with vitamins in chronic tests), and another one with ASTM and acetone at the 
highest concentration used in the florfenicol treatments. In the bioassays at 20ºC acute test 
included six florfenicol concentrations (300, 382, 486, 618, 786 and 1000 mg/L) plus two 
controls, with four replicates of 5 animals each. Test volume was 50 mL in all the assays 
and the medium was not renewed during the test period. 
In the bioassay performed at 25 ºC, the experimental design was similar but seven 
concentrations were included: 382, 486, 618, 786, 1000, 1272 and 1619 mg/L. 
Temperature, pH, dissolved oxygen and conductivity were monitored at the beginning of 
the test and every twenty-four hours until the end of the test, using a plummet Multi 
340i/SET (Germany). Every twenty-four hours all the beakers were also checked for 
immobilized daphnids. The tests lasted ninety-six hours and no food was provided to the 
animals. 
In the chronic bioassays at 20 ºC, six florfenicol concentrations (1.6, 3.1, 6.3, 12.5, 
25.0 and 50.0 mg/L) plus two controls were used. Each treatment included ten replicates 
each with 50 mL of solution and one animal per recipient. In the chronic bioassays at 25ºC, 
the same experimental design was followed but seven concentrations were included: 3.1, 
6.3, 12.5, 25.0, 50.0, 100,0 and 200.0 mg/L. Medium was renewed three times of week, 
with temperature, dissolved oxygen, conductivity and pH being measured at the same time 
in both old and new medium. Animals were feed every day with a ration of 3x105 cells/mL 
of each microalgae. Daily all the beakers were checked for dead animals, the offspring 
(total number of juveniles, viable juveniles and aborted eggs) was counted and molts were 
collected for later measurement in a stereoscope (Nikon SMZ800). Test period was 21 
days. Reproductive endpoints were: total number of neonates, number of live and viable 
juveniles, number of dead juveniles, number of aborted eggs and age at the first 
reproduction. To assess possible effects on animals growth, the total growth, calculated by 
the difference between the last and the first molts released during the test period (Last-1), 
the growth until the first reproduction, calculated by the difference between the molt 
released at the first reproduction and the first molt released (n1-1), and the growth during
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the reproduction, calculated by the difference between the last molt released and the molt 
released at the first reproduction (Last-n1) were used. Growth determined by measuring 
the first exopodite of the second right antennae since it shows a significant correlation with 




LC50 values with corresponding 95% confidence limits (95%CL) were calculated by 
Probit analysis (Finney, 1971). The No Observed Effect Concentration (NOEC) was 
considered as the highest test concentration causing no more than 10% of mortality (as 
admitted by OCDE guidelines for controls) and the lowest test concentration causing a 
mortality higher than 10% was considered as the Lowest Observed Effect Concentration 
(LOEC). 
In chronic tests, different treatments were compared by the non parametric Kruskal-
Wallis test. When significant differences were observed, the Mann-Whitney U test, with 
adjustment of the significance level for the number of comparisons performed according to 
Bonferroni techniques (Sokal and Rohlf, 1995), was used to determine NOEC and LOEC 
values. 
The SPSS statistical package, version 16.0, was used for all the statistical analysis 







NOEC, LOEC, LC10, LC50 and LC90 values, determined at 24, 48, 72 and 96 h in 
acute bioassays, with corresponding 95% CL are shown in Table 1. The variation of 
temperature, pH, dissolved oxygen and conductivity during the tests are shown in the 
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Table 1: Percentage of total mortality (%TM), values of the No Observed Effect Concentration (NOEC), 
Lowest Observed Effect Concentration (LOEC), LC10, LC50 and LC90 (mg/L) of florfenicol to Daphnia 
magna at 20 and 25 ºC determined at different times of exposure, with corresponding 95% confidence 
limits (95% CL). Std. - Standard. 
 
 
As expected, both at 20 and at 25ºC, lethal concentrations of florfenicol to D. magna 
decreased over time (Table 1). Comparing the LC50 values, obtained in tests performed at 
different temperatures, the values have overlapping 95% CL until 48h of exposure. At 96h, 
the mortality was 99.3%, and, thus,  it was not possible to calculate LC values at 25ºC, 




Temperature, pH, dissolved oxygen and conductivity measured during the bioassays 
are shown in the Annex 2, Table 4. They are within the OECD 211 Guideline (OECD, 
1998) intervals and therefore the tests were considered to be valid. 
 
 
24h 48h 72h 96h 24h 48h 72h 96h
% TM 15.0 35.8 55.0 79.2 31.4 52.1 97.1 99.3
LC10 630.7 440.3 363.8 167.9 724.4 395.8 25.8 _
95% CL 495.4 - 713.8 221.5 - 544.6 306.3 - 405.3 78.9 - 230.0 604.0 - 812.0 291.5 - 475.4 _ _
LC50 976.9 677.0 510.2 319.0 1073.5 751.6 94.4 _
95% CL 862.0 - 1251.8 548.3 - 901.5 467.4 - 555.9 234.6 - 374.3 979.0 - 1189.1 661.6 - 852.1 _ _
LC90 1513.1 1041.0 715.4 606.0 1591.0 1427.4 344.9 _
95% CL 1200.9 - 2742.2 816.3 - 2481.0 643.9 - 844.5 516.5 - 823.3 1395.7 - 1979.9 1193.3 - 1922.1 _ _
Slope 6.74 6.86 8.73 4.60 7.50 4.60 2.28 _
Std. Error 1.60 1.12 1.29 1.01 1.15 0.69 1.40 _
NOEC 617.8 381.7 381.7 < 300.0 786.0 381.7 < 381.7 < 381.7
LOEC 786.0 485.6 485.6 300.0 1000.0 485.6 381.7 381.7
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Figure 1: Percentage of total mortality (%TM) at increasing concentrations (except control) of florfenicol to 
Daphnia magna at 20 and 25 ºC determined at different times of exposure. 
 
 
The percentages of cumulative mortality during the chronic tests at both temperatures 
are shown in Figure 1. The mortality was higher at 25ºC where all the animals were died 
after fifteen days of exposure to the toxicant (except in control group), while at 20ºC the 
cumulative mortality was zero at that time. 
 
 
In the bioassay at 20ºC and after 21 days of exposure to florfenicol, significant 
differences in the mean of total neonates (χ2 = 57.8, df = 6, n < 0.001), viable juveniles (χ2 
= 56.5, df = 6, n < 0.001) and aborted eggs (χ2 = 42.5, df = 6, n < 0.001) produced per 
female were found among treatments, with NOECs equal to 6.3 mg/L and LOECs equal to 
12.5 for all the reproductive parameters (Table 2). Significant differences among 
tretaments were also found for growth endpoints (Figure 3), namely growth until the first 
brood release (χ2 = 34.1, df = 6, n < 0.001), growth between the first brood and the total 
period of the test (χ2 = 33.6, df = 6, n < 0.001) and total growth (χ2 = 45.1, df = 6, n < 
0.001), with LOECs of 25 mg/L for the first growth endpoint, 12.5 mg/L for the second 
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Figure 2: Mean number of total neonates (a), viable juveniles (b) and aborted eggs (c) yielded per female 
during the 21 days of exposure at 20ºC with Daphnia magna, at increasing concentrations of florfenicol. 
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Figure 3: Mean growth of daphnids until the first brood release (a), growth between the first brood and the 
total period of the test (b) and total growth  (c) yielded per female during the 21 days of exposure at 20ºC 
with Daphnia magna, at increasing concentrations of florfenicol. Errors bars represent the standard 
deviation and * indicates a statistical significant difference relatively to control. 1 - corresponding to the 
first molt released; n1 - corresponding to the molt released after the first brood; Last - corresponding to the 
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Figure 4: Mean number of total neonates (a and d), viable juveniles (b and e) and aborted eggs (c and f) 
yielded per female during the 12 days of exposure at 20 (a, b and c) and at 25ºC (d, e and f) with Daphnia 
magna, at increasing concentrations of florfenicol. Errors bars represent the standard deviation and * 
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Since in the bioassay performed at 25ºC, all animals died until the 15 day (except 
control group) and to compare the results obtained at the two temperatures tested, growth 
and reproductive endpoints were also analysed after 12 days of exposure (Figure 4). In the 
bioassay performed at 20ºC, significant differences among treatments were found for the 
mean of total neonates (χ2 = 56.7, df = 6, n < 0.001) and viable juveniles (χ2 = 55.4, df = 6, 
n < 0.001), with LOECs equal at 12.5 mg/L for all the parameters (Table 2). In the case of 
the aborted eggs parameter, no significant differences among treatments were found. 
Significant differences among treatments were also found for all the reproductive 
parameters in the bioassay at 25ºC (total neonates: χ2 = 18.3, df = 2, n < 0.001; viable 
juveniles: χ2 = 22.9, df = 2, n < 0.001; aborted eggs: χ2 = 19.8, df = 2, n < 0.001), with 
LOECs of 3.1 for the first two endpoints and 6.3 for aborted eggs (Table 2). Significant 
differences in growth during 12 days of exposure to florfenicol were also found at both 20 
(χ2 = 34.1, df = 6, n < 0.001) and 25ºC (χ2 = 13.7, df = 2, n < 0.001), with LOECs of 25 
mg/L and 3.1. mg/L at 20 and 25ºC, respectively. 
 
 
Table 2: No Observed Effect Concentration (NOEC) and Lowest Observed Effect Concentration (LOEC) 
values of florfenicol to Daphnia magna at 20 and 25 ºC at two different times of exposure, 21st and 12th 
days, in the chronics tests. 1 - corresponding to the first molt released; n1 - corresponding to the molt 
released after the first brood; Last - corresponding to the last molt released; − - not determinate. 
 
 
Endpoint NOEC LOEC NOEC LOEC NOEC LOEC
Fecundity
Total 6.3 12.5 6.3 12.5 < 3.1 3.1
Alive 6.3 12.5 6.3 12.5 < 3.1 3.1
Oborted eggs 6.3 12.5 12.5 _ 3.1 6.3
Dead 6.3 12.5 6.3 12.5 12.5 _
Growth
n1-1 12.5 25.0 12.5 25.0 < 3.1 3.1
Last-n1 6.3 12.5
Last-1 3.1 6.3
20 ºC - 21st day 20 ºC - 12th day 25 ºC - 12th day
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The present study found evidences that florfenicol induces acute and chronic toxic 
effects on the cladoceran Daphnia magna, causing mortality, decrease of growth, reduction 
of the number of juveniles produced, dead of juveniles and aborted eggs at concentrations 
in the ppm range (equal or higher than 12.5 mg/L at 20ºC). This is of concern since this 
antibiotic is widely used in aquaculture and animal production in the treatment of several 
animal diseases (Ferreira et al., 2007; Lai et al., 2008). 
The toxicity of florfenicol to aquatic organisms has been only scarcely investigated. 
In a study with Artemia parthenogenetica performed at 20ºC, Ferreira et al. (2007) found 
30% of mortality after 48 h of exposure to 889 mg/L, while Soto-Rodríguez et al. (2006) in 
a study with larvae of the shrimp Litopenaeus vannamei determined a 24h LC50 of 32.42 
µg/L, and Williams et al. (1992) indicate a 48h LC50 > 64 µg/L also for L. vannamei. 
Since in the present study, a 24h LC50 of 976.9 mg/L value was obtained at 20ºC, D. 
magna may have a sensitivity to florfenicol close to that of A. parthenogenica. However, it 
seems considerably less sensitive to this antibiotic than L. vannamei larvae. D. magna 
seems to be also less sensitive than three microalgae species, Tetraselmis chuii (96h IC50 
= 1.3-6.06 mg/L), Chlorella pyrenoidosa (96h EC50 = 215 mg/L) and Isochrysis galbana 
(96h EC50 = 8 mg/L) (Ferreira et al., 2007; Lai et al., 2008). 
In the last years, several studies have been conducted to investigate the lethal and 
sublethal effects of many pharmaceuticals on D. magna. For example, Wollenberger et al. 
(2000) conducted a study with nine veterinary antibiotics representatives of major groups: 
metronidazole, olaquindox, oxolinic acid, oxytetracycline, streptomycin, sulfadiazine, 
tetracycline, tiamulin and tylosin. For all them excepting tylosin, 48h EC50 were lower than 
the 48h LC50 values obtained for florfenicol in the present study, suggesting that florfenicol 
is less toxic to D. magna that other widely used antibiotics. 
The comparison of the results of Gallina et al. (2008), Kim et al. (2007) and Macrì et 
al. (1988) also indicate lower acute toxicity of florfenicol relatively to other antibiotics. 
However, Park and Choi (2008) conduct a study with eleven of most used veterinary 
antibiotics and found an EC50 to oxytetracycline (621.2 mg/L) similar to the 
corresponding value determined by us to florfenicol, while Flaherty and Dodson (2005) 
tested four antibiotics in adults egg-carrying and no effects on survival, reproduction and 
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growth of Daphnia magna were found up to 100 µg/L. In summary, the results available in 
the literature, although including some discrepant values, in general indicate that several 
antibiotics cause mortality to D. magna in the ppm range. Comparing our LC50 values 
with available corresponding values for other antibiotics, florfenicol seems to be less toxic 
that the most part of them in acute exposures. 
Since 72 h of exposure, florfenicol was more toxic to D. magna at 25ºC than at 20ºC. 
This is of concern considering the scenarios of temperature increase predicted by the most 
part of climate change models. Temperature can be considered natural stressor because can 
influence the natural sensibility of organisms to the chemicals, beside influence the 
chemical reaction. D. magna is sensitive to temperature variations and only can survive 
within a particular range of temperatures (Reichwaldt et al., 2005) and theirs principal 
physiological processes (growth and development, reproduction, locomotion and 
metabolism) can be compromising with temperature variations beside the ideal range of 
temperatures (Seidl et al., 2005; Mc Kee and Ebert, 2004; Peters and De Bernardi, 1987; 
Cairns et al., 1975). The ideal temperature for the biologic cycle of this specie is 20ºC, and 
temperatures over 24ºC these activity decrease (Peters and De Bernardi, 1987). 
When combined the temperature and chemicals, can occurs concentration addition 
and independent action if the toxicity of the mixture is the same as the toxicity of the 
individual compounds. But in worldwide the compounds may interact and can occurs 
synergism or antagonism effects, these effects depend of the concentration or dose ratio 
(Jonker et al., 2005) 
Several authors study the effects of increase temperature and/or the combination of 
changes on the temperature and chemicals, and describe the synergistic effects of higher 
temperatures and chemicals (Heugens et al., 2006; Folt et al., 1999; Lewis and Horning, 
1991). In this study we found synergetic effects in acute bioassays between florfenicol and 
higher temperatures. This increase toxicity and sensibility to the compounds may happen 
due the combination of a toxic and a natural stressor (elevated temperaturas) (Heugens et 
al., 2003). Ferreira (2007) study the combined effects of chlorpyrifos (pesticide), nickel 
(heavy metal) and higher temperatures on D. magna and found synergistic effects: 
mortality increased with elevated temperatures. Osterauer and Köhler (2008) study the 
combined effects of two insecticides, thiacloprid and diazinon, and higher temperatures on 
the embryonic development of Danio rerio (zebrafish). They determinate that mixtures 
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of temperature and thiacloprid or diazinon also had a synergistic effects, increasing with 
higher temperatures, because had higher mortality with elevated temperatures. 
 
The results of the chronic tests show that there was an inhibition of fertility and 
growth due to florfenicol exposure. The effects were higher at 25ºC than at 20ºC, where 
100% of mortality was observed at all the concentrations tested (except in control) after 15 
days of exposure. For this reason the effects on fertility and growth at two different 
temperatures were compared using the results after 12 days of exposure, when we still had 
more than 50% of live animals in the three lower concentrations. 
In the test performed at 20ºC, similar values of NOEC and LOEC were obtained at 
12 and 21 days of exposure, therefore in good agreement of the findings of Guilhermino et 
al. (1999) obtained with other chemicals, indicating that a lower period may be enough to 
estimate chronic effects in D. magna. 
NOEC and LOEC values obtained in the test at 25ºC for reproduction and growth 
were lower than those obtained in the test at 20ºC, demonstrating that highest temperatures 
increase the chronic toxicity of florfenicol to D. magna. These results may be due to 
several mechanisms including an alteration of feeding-rates, from which daphnids allocate 
energy for self-maintenance. According Trubetskova and Lampert (2002), this is one of the 
possible effect on daphnids, which can occur through a trend of decreasing energy supply, 
probably through feeding (know as supply-side responses), and an implied increased in 
maintenance (know as demand-side responses) (Baird et al., 1990). The compounds don’t 
act in the same way, some penetrate the carapace of the mother and affect the eggs, while 
others inhibit the growth of female, indirectly affecting their fertility (Baird et al., 1991). In 
this study there was a significant decrease in fertility of D. magna and was inversely 
proportional to the increase in concentrations of florfenicol. This may be occurs because 
the eggs were affected by florfenicol when they were in the ovary mother (such as 
occurred in the study of Trubetskova and Lampert, 2002). Another hypothesis is that 
florfenicol may have affected the ingestion of food or assimilation, or the normal 
procedure for allocation of energy, affecting the reproduction and growth of organisms 
(Baird et al., 1990). 
Hanazato e Hirokawa (2001), and Mc Kee and Ebert (1996) found that the sensitivity 
of the dafnídeos to chemicals is inversely proportional to its length, in a linear regression. 
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This helps to explain why the decrease in growth of D. magna was significant and 
inversely proportional to the increase in concentrations of florfenicol.  
Possibly an analysis at biochemical and cellular level could identify with more 
certainty the effects of pharmaceuticals and other compounds released into the 
environment, on aquatic organisms, particularly in D. magna (as in the example of the 
work of Flaherty and Dodson, 2005, that discovered the association's induction of P-450 
enzyme involved in the process of detoxification and the ability of daphnids to adapt to an 
environment of stress chemical). 
In this study we also found synergetic effects in chronic bioassays between 
florfenicol and higher temperatures. Ferreira (2007) also found synergetic effects in their 
chronic bioassays with mixtures of chlorpyrifos, nickel and higher temperatures on D. 
magna. In both cases, the toxicity of sublethal effects increased with elevate temperatures. 
Seidl et al. (2005) study the effects of acclimation of D. magna to warm temperatures in 
several morphological and physiological variables, such as carapace length and number of 
embryos. They concluded that warm temperatures affects the growth and reproduction of 
D. magna, beside other parameters, and the principal mechanism of acclimation is due 
changes of haemoglobin expression. Dumont and Schorreels (1990) study the feeding, 
maturation and fertility of Mesostoma língua and also found evidence that exist a negative 
correlation between this parameters and increasing temperature. Voordouw and Anholt 
(2002) found an effect in sex determination due higher temperature: the copepod Tigriopus 
californicus had a preference sex ratio of males. Osterauer and Köhler (2008) also study 
sublethal effects on D. rerio and found that increasing temperature affect the growth, 
development and reproduction of this specie. 
The warming temperature also affects the development and growth of plants. 
Kucharik and Serbin (2008) study the impacts of the climate change on Wisconsin corn 
and soybean trends. They verified that for each additional degree (ºC) during summer 
months, corn and soybean yields could decrease 13 and 16%, respectively. 
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The veterinary antibiotic florfenicol is a compound widely used today, particularly in 
aquaculture, and through this study it was demonstrated that it provokes adverse effects on 
survival, reproduction and growth of the cladoceran Daphnia magna Straus at two 
different temperatures. The concentrations tested were considerably higher that those that 
have been found in the environment but it must be taken into consideration that in the wild 
animals are not exposed to single compounds but rather than mixtures and, therefore, 
synergistic effects may occur. Furthermore, since the adverse effects were higher at 25ºC 
than at 20ºC, this study raises concern about the increased temperature scenarios preview 
by most of the climate change models, since the toxicity of several chemicals may be 
increased at higher temperatures as suggested by this and other studies that have been 
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Capítulo III. Conclusão Geral 
 
III.1. Conclusão Geral 
 
No presente estudo foi possível avaliar os efeitos de um antibiótico de uso veterinário 
bastante utilizado actualmente, o florfenicol, para Daphnia magna utilizando testes agudos 
e crónicos a duas temperaturas diferentes (20 e 25ºC). Encontram-se poucos estudos feitos 
com este composto na literatura, pelo que com este estudo pretendeu-se colmatar uma 
lacuna no conhecimento científico. Existem diversos estudos disponíveis na literatura com 
fármacos e organismos aquáticos. No entanto, os estudos crónicos são poucos e 
insuficientes (Fent et al., 2006). Os efeitos do florfenicol em organismos aquáticos foram 
estudados em ensaios agudos com microalgas, dois crustáceos (Artemia parthenogenetica 
e Litopenaeus vannamei) e peixes (Ictalurus punctatus e Oncorhynchus mykiss, por 
exemplo) (Lai et al., 2008; Akinbowale et al., 2007; Ferreira et al., 2007; Soto-Rodríguez 
et al., 2006; Wrzesinski et al., 2006; Nagata e Oka, 1996; Williams et al., 1992). No 
entanto, tanto quanto pudemos avaliar, até ao momento não existiam estudos sobre a 
toxicidade deste antibiótico para D. magna. 
Através dos ensaios agudos pode-se constatar que após 72 h de exposição a espécie 
D. magna é mais sensível ao florfenicol a 25 do que a 20ºC. Comparando os resultados 
obtidos com D. magna e os crustáceos acima mencionados, pode-se concluir que D. magna 
terá uma sensibilidade semelhante ou ser um pouco mais sensível ao florfenicol do que A. 
parthenogenetica (Ferreira et al., 2007) e menos sensível do que a larva zoe I do camarão 
L. vannamei (Soto-Rodríguez et al., 2006; Williams et al., 1992). 
Através dos ensaios crónicos pode-se constatar de que a fecundidade e o crescimento 
de D. magna foram afectados devido ao florfenicol e diminuem significativamente em 
ambas as temperaturas, sendo afectados a concentrações mais baixas a 25 do que a 20 ºC. 
Em ambas as temperaturas, houve diminuição no número médio de juvenis produzido por 
fêmea, do número de juvenis viáveis e no crescimento total do organismos. Em ambas as 
temperaturas não houve produção de ovos nas concentrações mais altas, com total inibição 
da reprodução nos organismos testados nessas concentrações. Os resultados obtidos 
demonstram que o florfenicol afecta D. magna, mas o seu efeito negativo aumenta quando 
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há aumento da temperatura, sendo mais tóxico a altas temperaturas do que à temperatura a 
qual é normalmente cultivado. 
As concentrações testadas neste trabalho foram superiores às normalmente 
encontradas no meio ambiente. Esta escolha foi feita tendo em consideração o facto de que 
os animais no seu habitat natural não estão sujeitos unicamente ao efeito de um só 
composto, mas sim a uma mistura de compostos onde efeitos sinergéticos podem ocorrer. 
Como os resultados obtidos demonstraram que os efeitos negativos provados pelo 
florfenicol foram maiores a 25 do que a 20ºC, este estudo levanta interesse em torno da 
problemática dos aumentos de temperatura existentes em várias zonas do planeta e 
previstos pela maioria dos modelos de alterações climáticas, visto que a toxicidade de 
vários compostos pode aumentar a altas temperaturas como sugere este estudo e outros 
realizados por vários autores. 
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Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
20 ºC 0h 20.2 0.07 8.1 0.04 99.1 0.62 538.1 10.45
24h 19.8 0.12 8.3 0.01 99.4 0.38 548.2 6.66
48h 20.3 0.10 8.3 0.02 99.1 0.32 553.6 9.31
72h 20.1 0.06 8.3 0.02 99.0 0.38 557.7 6.73
96h 20.1 0.07 8.3 0.03 99.0 0.23 561.3 3.08
25 ºC 0h 24.9 0.13 8.4 0.01 98.7 0.45 577.3 11.86
24h 24.3 0.07 8.5 0.01 98.6 0.69 583.0 3.97
48h 24.8 0.10 8.6 0.01 98.5 0.51 586.1 2.19
72h 25.0 0.10 8.6 0.02 98.4 0.48 588.6 1.81
96h 25.1 0.06 8.6 0.03 98.6 0.38 591.5 1.41
Temperature pH Dissolved Oxygen Conductivity
Annex 1 
 
Table 3: Temperature (ºC), pH, dissolved oxygen (%) and conductivity (S.cm-1) mean values measured in 
acute tests at 20 and 25 ºC a different times of exposure of florfenicol to Daphnia magna, with 
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Table 4.a: Temperature (ºC) mean values measured in chronic tests at 20 and 25 ºC in the beginning of the 
tests, first, second and third weeks of exposure of florfenicol to Daphnia magna, with corresponding 
standard deviation (Std. Dev.). 
 
 
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
20 ºC 0 old 20.2 0.19 20.2 0.17 20.2 0.09
new 20.4 0.05 20.2 0.09 20.2 0.10 20.4 0.11
1.6 mg/L old 20.2 0.18 20.3 0.18 20.2 0.09
new 20.4 0.05 20.2 0.06 20.3 0.11 20.4 0.11
3.1 mg/L old 20.2 0.10 20.2 0.12 20.2 0.09
new 20.4 0.05 20.3 0.05 20.2 0.10 20.4 0.09
6.3 mg/L old 20.4 0.16 20.1 0.08 20.2 0.09
new 20.3 0.04 20.2 0.05 20.2 0.10 20.3 0.09
12.5 mg/L old 20.2 0.05 20.2 0.09 20.2 0.09
new 20.4 0.05 20.2 0.16 20.2 0.05 20.1 0.10
25.0 mg/L old 20.0 0.19 20.0 0.13 20.2 0.09
new 20.4 0.03 20.0 0.09 20.2 0.10 20.4 0.11
50.0 mg/L old 20.2 0.19 20.2 0.14 20.2 0.09
new 20.4 0.05 20.2 0.11 20.3 0.09 20.4 0.07
25 ºC 0 old 24.5 0.05 24.8 0.04 24.9 0.03
new 25.4 0.03 24.8 0.03 24.8 0.04 24.9 0.02
3.1 mg/L old 24.6 0.05 24.8 0.04
new 25.3 0.02 24.8 0.03 24.8 0.05
6.3 mg/L old 24.6 0.04 24.9 0.04
new 25.4 0.03 24.7 0.04 24.8 0.05
12.5 mg/L old 24.5 0.03 24.7 0.05
new 25.4 0.03 24.7 0.03 24.8 0.04
25.0 mg/L old 24.6 0.04 24.8 0.03
new 25.3 0.02 24.7 0.03 24.9 0.04
50.0 mg/L old 24.5 0.03 24.9 0.03
new 25.3 0.04 24.9 0.03 24.9 0.03
100.0 mg/L old 24.6 0.04
new 25.4 0.03 24.7 0.03
200.0 mg/L old 24.7 0.04
new 25.4 0.03 24.8 0.03
0 First Week Second Week Third Week
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Table 4.b: pH (b) mean values measured in chronic tests at 20 and 25 ºC in the beginning of the tests, first, 
second and third weeks of exposure of florfenicol to Daphnia magna, with corresponding standard 
deviation (Std. Dev.). 
 
 
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
20 ºC 0 old 8.19 0.02 8.18 0.04 8.21 0.05
new 8.2 0.02 8.20 0.03 8.17 0.03 8.19 0.02
1.6 mg/L old 8.21 0.04 8.18 0.04 8.21 0.05
new 8.2 0.03 8.20 0.03 8.19 0.02 8.17 0.03
3.1 mg/L old 8.19 0.02 8.18 0.04 8.21 0.04
new 8.2 0.01 8.22 0.05 8.21 0.04 8.17 0.03
6.3 mg/L old 8.19 0.02 8.19 0.05 8.22 0.05
new 8.2 0.03 8.20 0.03 8.19 0.02 8.17 0.06
12.5 mg/L old 8.19 0.02 8.20 0.04 8.22 0.03
new 8.2 0.02 8.16 0.03 8.17 0.03 8.19 0.02
25.0 mg/L old 8.17 0.04 8.18 0.04 8.21 0.05
new 8.2 0.03 8.21 0.05 8.21 0.02 8.17 0.04
50.0 mg/L old 8.19 0.04 8.20 0.05 8.21 0.04
new 8.2 0.03 8.20 0.05 8.19 0.03 8.18 0.03
25 ºC 0 old 8.5 0.03 8.4 0.04 8.4 0.03
new 8.4 0.04 8.4 0.04 8.4 0.02 8.4 0.03
3.1 mg/L old 8.4 0.04 8.4 0.03
new 8.4 0.05 8.4 0.04 8.4 0.03
6.3 mg/L old 8.5 0.04 8.3 0.03
new 8.3 0.05 8.5 0.04 8.3 0.04
12.5 mg/L old 8.5 0.05 8.4 0.04
new 8.4 0.04 8.4 0.04 8.4 0.03
25.0 mg/L old 8.4 0.04 8.4 0.04
new 8.4 0.05 8.4 0.05 8.3 0.04
50.0 mg/L old 8.4 0.05 8.5 0.02
new 8.3 0.03 8.4 0.04 8.4 0.03
100.0 mg/L old 8.4 0.02
new 8.4 0.03 8.4 0.04
200.0 mg/L old 8.4 0.05
new 8.4 0.05 8.5 0.03
0 First Week Second Week Third Week
  
 
Capítulo II. Acute and Chronic Toxicity of Florfenicol to 
Daphnia magna Straus at Two Different Temperatures 
46 
Table 4.c: Dissolved Oxygen (%) mean values measured in chronic tests at 20 and 25 ºC in the beginning of 
the tests, first, second and third weeks of exposure of florfenicol to Daphnia magna, with corresponding 
standard deviation (Std. Dev.). 
 
 
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
20 ºC 0 old 98.0 0.50 96.9 0.60 97.8 0.42
new 96.3 0.10 98.7 0.52 97.4 0.61 97.3 0.39
1.6 mg/L old 98.0 0.50 96.9 0.40 97.8 0.33
new 96.3 0.26 98.6 0.31 97.6 0.19 97.6 0.39
3.1 mg/L old 98.0 0.50 97.9 0.37 98.0 0.39
new 99.2 0.17 98.1 0.38 98.3 0.41 97.3 0.26
6.3 mg/L old 97.6 0.29 97.3 0.28 97.6 0.19
new 97.3 0.19 98.0 0.27 97.5 0.19 96.9 0.26
12.5 mg/L old 98.3 0.33 97.4 0.31 97.4 0.42
new 97.6 0.15 98.7 0.22 97.5 0.61 97.3 0.26
25.0 mg/L old 97.6 0.46 98.5 0.22 98.3 0.19
new 97.0 0.21 98.0 0.31 97.0 0.19 97.6 0.39
50.0 mg/L old 97.5 0.42 98.3 0.51 97.9 0.42
new 98.1 0.20 98.7 0.36 97.4 0.49 98.9 0.39
25 ºC 0 old 98.6 0.25 97.9 0.27 98.8 0.34
new 99.1 0.21 98.1 0.26 98.7 0.31 98.6 0.20
3.1 mg/L old 98.4 0.19 98.3 0.25
new 98.6 0.25 98.6 0.24 98.0 0.19
6.3 mg/L old 98.0 0.19 98.4 0.23
new 98.7 0.17 98.4 0.22 98.3 0.29
12.5 mg/L old 97.6 0.20 98.9 0.19
new 97.9 0.23 97.9 0.19 97.8 0.17
25.0 mg/L old 98.5 0.17 98.3 0.19
new 98.7 0.19 98.3 0.21 98.1 0.27
50.0 mg/L old 98.4 0.24 98.0 0.20
new 98.6 0.17 97.9 0.16 98.6 0.19
100.0 mg/L old 98.5 0.20
new 98.4 0.14 97.9 0.21
200.0 mg/L old 98.9 0.19
new 97.9 0.20 98.3 0.17




Table 4.d: Conductivity (S.cm-1) mean values measured in chronic tests at 20 and 25 ºC in the beginning 
of the tests, first, second and third weeks of exposure of florfenicol to Daphnia magna, with 
corresponding standard deviation (Std. Dev.). 
 
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
20 ºC 0 old 604.3 17.24 579.1 10.31 563.4 18.10
new 618.1 15.3 583.9 5.31 586.3 8.93 569.1 9.03
1.6 mg/L old 601.2 12.4 583.4 10.53 584.0 17.91
new 618.1 12.3 588.4 5.31 586.3 10.55 573.6 9.03
3.1 mg/L old 604.3 9.85 586.5 10.31 562.7 9.11
new 603.9 11.9 599.1 4.99 586.4 7.93 569.8 9.08
6.3 mg/L old 601.4 12.4 583.4 9.86 569.1 10.12
new 610.5 14.8 598.6 5.31 590.4 7.00 573.9 10.86
12.5 mg/L old 598.7 8.76 586.0 5.86 571.0 9.85
new 609.8 13.9 588.8 4.90 586.3 5.89 577.6 10.17
25.0 mg/L old 583.8 7.09 583.4 10.53 586.4 16.87
new 617.5 14.1 601.4 8.10 583.6 10.33 577.9 9.97
50.0 mg/L old 601.2 8.11 583.4 8.99 580.1 16.33
new 603.1 13.9 584.4 7.15 584.4 8.95 590.4 8.35
25 ºC 0 old 600.2 10.98 597.4 9.86 601.8 8.75
new 599.8 12.15 584.3 11.19 579.6 10.71 585.7 9.18
3.1 mg/L old 601.4 9.86 599.8 10.86
new 603.3 9.86 596.4 8.75 586.9 8.84
6.3 mg/L old 599.7 9.87 586.4 7.87
new 600.9 10.86 599.4 8.76 590.4 9.84
12.5 mg/L old 589.7 5.99 589.9 6.87
new 597.7 9.87 593.5 9.27 586.1 9.96
25.0 mg/L old 597.5 6.77 596.4 10.14
new 597.6 8.77 585.5 10.71 579.6 8.74
50.0 mg/L old 589.6 11.76 598.1 9.86
new 589.5 7.76 593.1 12.19 581.0 11.12
100.0 mg/L old 601.3 9.87
new 598.9 17.62 597.4 10.17
200.0 mg/L old 594.6 11.47
new 601.3 9.86 591.8 9.82
0 First Week Second Week Third Week
